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COUPLER-BASED OPTICAL CROSS-CONNECT 
HAVING A REGENERATION MODULE 



TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to optical transport systems, and more 
particularly to a coupler-based optical cross-connect having a regeneration module. 



DAL01:7S3475.2 



ATTORNEY DOCKET NO. 
064731.0348 (P-280US-1) 



2 



PATENT APPLICATION 



BACKGROUND 

Telecommunications systems, cable television systems and data 
communication networks use optical networks to rapidly convey large amounts of 
information between remote points. In an optical network, information is conveyed in 
the form of optical signals through optical fibers. Optical fibers comprise thin strands 
of glass capable of transmitting the signals over long distances with very low loss. 

Optical networks often employ wavelength division multiplexing (WDM) or 
dense wavelength division multiplexing (DWDM) to increase transmission capacity. 
In WDM and DWDM networks, a number of optical channels are carried in each fiber 
at disparate wavelengths. Network capacity is based on the number of wavelengths, 
or channels, in each fiber and the bandwidth, or size of the channels. 

Optical cross-connects (OXCs) are often used for wavelength path routing in 
optical networks. In the typical OXC node, array waveguide gratings (AWGs) are 
used for demultiplexing the WDM/DWDM signal into its constituent wavelengths. 
Because AWGs have fixed channel spacing and a fixed number of output ports, these 
devices limit the channel spacing and switching flexibility of an OXC node. 
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. SUMMARY 

In accordance with a particular embodiment of the present invention, an 
optical cross-connect includes multiple input ports that each receive an optical input 
signal and multiple output ports that each output an optical output signal. The optical 
5 cross-connect also includes a distributing amplifier associated with each input port 
that generates multiple copies of the input signal received at the associated input port. 
Furthermore, the optical cross-connect includes multiple filter units that receive a 
copy of one or more of the input signals from one or more of the distributing 
amplifiers and forward traffic in selected channels of one or more of the received 

10 copies. In addition, the optical cross-connect includes a combining amplifier 
associated with each output port. Each combining amplifier receives the traffic in one 
or more of the channels forwarded by one or more of the filter units and combines the 
received traffic into an output signal to be output from the associated output port. The 
optical cross-connect further includes one or more regeneration modules that each 

15 regenerate the traffic in one or more channels of one or more of the input signals. 

Technical advantages of one or more embodiments of the present invention 
may include providing a coupler-based optical cross-connect that does not require the 
use of multiplexer or demultiplexers. Therefore, such embodiments may provide 
switching wavelength flexibility since there are no inherent channel number or 

20 channel spacing limitations when using optical couplers (unlike optical cross-connects 
that use multiplexers and demultiplexers). Furthermore, the use of optical couplers or 
similar passive waveguide components provides for a more reliable and low-cost 
product. In addition, the modular architecture of particular embodiments allows for 
incremental upgrades ("pay as you grow") and in-service upgrades. 

25 Furthermore, certain embodiments provide for selective regeneration of 

particular input signals or portions thereof. This selective regeneration eliminates or 
reduces redundant optical-electrical-optical conversions and thus reduces the cost of 
the optical cross-connect. 

It will be understood that the various embodiments of the present invention 

30 may include some, all, or none of the enumerated technical advantages. In addition, 
other technical advantages of the present invention may be readily apparent to one 
skilled in the art from the figures, description and claims included herein. 

DAL0 1:753475 .2 



ATTORNEY DOCKET NO. PATENT APPLICATION 

064731.0348 (P-280US-1) 

4 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a block diagram illustrating an example optical cross-connect; 

FIGURE 2 is a block diagram illustrating a filter unit and a combining 
amplifier of an example optical cross-connect in further detail; 
5 FIGURE 3 is a flowchart illustrating an example method for cross-connecting 

optical signals; 

FIGURE 4 is a block diagram illustrating an optical cross-connect having a 
regeneration loop in accordance with one embodiment of the present invention; 

FIGURE 5 is a block diagram illustrating an optical cross-connect having a 
10 regeneration loopback unit in accordance with another embodiment of the present 
invention; 

FIGURE 6 is a block diagram illustrating an optical cross-connect having a 
common filter unit and switches in accordance with another embodiment of the 
present invention; and 

15 FIGURE 7 illustrates an optical cross-connect in accordance with yet another 

embodiment of the present invention. 
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DETAILED DESCRIPTION 

FIGURE 1 is a block diagram illustrating an example optical cross-connect 
(OXC) 10. OXCs may be implemented in optical networks in which a number of 
optical channels are carried over a common path in disparate channels (for example, 
5 networks implementing wavelength division multiplexing (WDM), dense wavelength 
division multiplexing (DWDM), coarse wavelength division multiplexing, or any 
other suitable multiplexing technique). OXCs may be used in a variety of 
implementations for a variety of different purposes, but their basic function is to 
switch the information carried in one or more channels of one or more input signals to 

10 one or more channels of one or more output signals. 

As an example only, OXC 10 includes four input ports 20a-20d that are 
operable to receive four different input signals 22a-22d. As described below, 
although four input ports 20 and input signals 22 are illustrated, any suitable number 
of ports 20 and signals 22 may be implemented and/or used. In certain embodiments, 

15 each input signal 22 may compromise a signal received over an optical fiber that is 
coupled to the corresponding input port 20. Each input signal 22 may comprise a 
number of channels that are each able to carry separate information ( f, traffic ,, ). The 
traffic in each channel of a particular input signal 22 may be forwarded or "switched" 
by OXC 10 to any of a number of output ports 30a-30d and be communicated as a 

20 part of an associated output signal 32a-32d. As an example only, the traffic in a 
channel of input signal 22a may be forwarded from OXC 10 as a channel of output 
signal 32c. As with input ports 20, although only four output ports 30 are illustrated, 
any suitable number of output ports 30 and associated output signals 32 may be 
implemented and/or used in OXC 10. 

25 OXC 10 is able to forward a particular channel of one input signal 22 to a 

particular output port 30 using a series of distributing amplifiers 40, wavelength filter 
units 50 (which also may be referred to as wavelength select units or wavelength 
blockers), and combining amplifiers 60. As illustrated in FIGURE 1, there may be a 
distributing amplifier 40 associated with each input port 20. Each distributing 

30 amplifier 40 receives a signal from its associated input port 20 and makes multiple 
copies of the input signal 22 to be forwarded to one or more filter units 50. Each 
distributing amplifier 40 may make a copy of its associated input signal 22 for each of 
the filter units 50 in OXC 10 (so as to allow any input channel to be forwarded to any 
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output signal 32). However, any other suitable number of copies of an input signal 
22 may be made by each distributing amplifier 40. Although not illustrated for ease 
of viewing, each distributing amplifier 40 may include one or more amplifiers 
positioned in the fiber span between any two couplers 70 and/or between a coupler 70 
5 and a filter unit 50 to amplify the copies of an input signal 22 made by the distributing 
amplifier 40. Any suitable amplifiers may be used for this purpose. 

Each distributing amplifier 40 uses a series of optical couplers 70 to make the 
copies of the associated input signal 22. Optical couplers 70 may each comprise an 
optical fiber coupler or other optical device operable to combine and/or split an 

10 optical signal. As used herein, the terms "optical coupler" and "coupler" refer to any 
device operable to combine or otherwise generate a combined optical signal based on 
two or more input optical signals without multiplexing and/or operable to split or 
divide an input optical signal into discrete optical signals based on the input optical 
signal without demultiplexing. The discrete signals may be similar or identical in 

15 frequency, form, and/or content. For example, the discrete signals may be identical in 
content and identical or substantially similar in power, may be identical in content and 
differ substantially in power, or may differ slightly or otherwise in content. 

In the illustrated embodiment, the couplers 70 of each distributing amplifier 40 
are 1x2 couplers that split an input signal into two copies with substantially equal 

20 power and substantially identical content. The couplers 70 are cascaded such that a 
first coupler 70 receives the associated input signal 22 and creates two copies of the 
signal. Each of these copies is then forwarded to different couplers 70, each of which 
makes a copy of the received copy. In this manner, four copies of each input signal 
22 are created by each distributing amplifier 40. However, any appropriate number of 

25 couplers 70 may be used to create any suitable number of copies. For example, in 
embodiments in which a copy of each input signal 22 is made for each filter unit 50, 
each distributing amplifier 40 will have a suitable number of couplers to make these 
copies. Therefore, although a "two-tier" cascade of couplers 70 is shown for each 
distributing amplifier 40, any number of tiers may be used. Furthermore, in certain 

30 embodiments, couplers may be used that create more than two copies of the signal 
received by the coupler. The use of such couplers may therefore reduce the number 
of couplers used in each distributing amplifier 40. 
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The copies of the associated input signal 22 that are generated at each 
distributing amplifier 40 are forwarded from the distributing amplifier 40 to one or 
more filter units 50. For example, in the illustrated embodiment, a copy is forwarded 
to each of the filter units 50. Filter units 50 comprise one or more filters that forward 
5 particular channels of each signal received by the filter unit 50 (the copies of the 
various input signals 22a-22d). As described in further detail with reference to 
FIGURE 2, in particular embodiments, each filter unit 50 may include a separate filter 
associated with each incoming signal. In such a case, each filter is configured to 
forward (pass) one or more channels of the associated input signal and to terminate 

10 (reject) the remaining channels. For example, if the traffic in a first channel of input 
signal 22a is to be forwarded or "switched" to output port 30c, then the filter of filter 
unit 50c that receives the copy of input signal 22a will be configured to forward the 
first channel of this signal. This channel (along with any other channels of input 
signal 22a that are also forwarded) will then be output from filter unit 50c to 

15 combining amplifier 60c. Selected channels of the other input signals 22b-22d may 
similarly be forwarded by associated filters of filter unit 50c and be output to 
combining amplifier 60c. Further details regarding the operation of filter units 50 are 
provided below with reference to FIGURE 2. 

As described above, the selected channels of the various input signals 22 that 

20 are output by each filter unit 50 are forwarded to an associated combining amplifier 
60. As with distributing amplifiers 40, combining amplifiers 60 are comprised of one 
or more couplers 70. However, instead of splitting a received signal into multiple 
copies of that signal, combining amplifiers 60 operate in a reverse fashion to combine 
multiple signals received from the associated filter unit 50 into a single signal. For 

25 example, in the illustrated embodiment, filter unit 50a may forward particular 
channels from each of signals 22a-22d to combining amplifier 60a. A first coupler 70 
of combining amplifier 60a may combine the forwarded channels from signal 22a 
with those from signal 22b, and a second coupler 70 may combine the forwarded 
channels from signal 22c with those from signal 22d. A third coupler 70 may then 

30 combine these two combined signals into a signal comprising the forwarded channels 
from all of signals 22a-22d. This is the output signal 32a that is forwarded from the 
associated output port 32a. As with distributing amplifiers 40, combining amplifiers 
60 may include an appropriate number and type of couplers 70. Furthermore, 
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combining amplifiers 60 may also include amplifiers to amplify the signals being 
combined in combining amplifiers 60. 

In operation, OXC 10 receives multiple input signals 22 that each contain 
multiple channels of traffic. A copy of each of these signals is forwarded to one or 
5 more filter units 50 that are each associated with a different output port 30. Each 
filter unit 50 then selects (through filtering) one or more (or no) channels from each 
received input signal 22 to forward to its associated output port 30. This filtering may 
be performed such that the same channel from two different input signals 22 will not 
be forwarded by a filter unit 50 (to prevent interference). The selected channels of 

10 each of the input signals 22 are then forwarded from each filter unit 50, are combined 
using the associated combining amplifier 60, and are forwarded from an associated 
output port 30 as an output signal 32. In this manner, any channel of any input signal 
22 may be output from any output port 30 of OXC 10. It should be understood that 
although four input ports 20 (and associated signals 22) and four output ports 30 (and 

15 associated signals 32) are illustrated, any appropriate number of input ports and 
output ports may be implemented. Furthermore, the number of input ports 20 need 
not equal the number of output ports 30 and the OXC 10 may not necessarily be 
configured to forward selected channels from every input port 20 to every output port 
30. 

20 FIGURE 2 is a block diagram illustrating filter unit 50a and combining 

amplifier 60a of OXC 10 in further detail. Combing amplifier 50a includes four 
separate tunable filters 52 (although other appropriate types of filters may be used 
and/or other appropriate numbers of filters may be used to make OXC 1 0 scalable) - 
one filter 52 for each incoming copy of an input signal 22. More specifically, in the 

25 illustrated embodiment, filter 52a receives a copy of input signal 22a (from 
distributing amplifier 40a of OXC 10), filter 52b receives a copy of input signal 22b 
(from distributing amplifier 40b of OXC 10), filter 52c receives a copy of input signal 
22c (from distributing amplifier 40c of OXC 10), and filter 52d receives a copy of 
input signal 22d (from distributing amplifier 40d of OXC 10). It will be understood, 

30 however, that any suitable number of filters 52 may be implemented and any 
appropriate number of signals 22 may be received. 

Filters 52 may comprise tunable filters (such as acoustic optical tunable 
filters), filters using virtually imaged phased array technology, thin-film filters, fixed 
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filters, or any other suitable filters. Furthermore, each filter 52 may comprise a single 
filter or a plurality of filters connected serially, in parallel, or otherwise. Filters 52 
may also be used to filter out amplified spontaneous emissions (ASE). 

In operation, the filters 52 of the example filter unit 50a each receive their 
5 respective input signal 22. Each filter 52 is configured to allow selected channels of 
the input signal to pass through the filter 52. As described above, the channels that 
are passed through each filter 52 are the channels that are desired to be combined and 
output as output signal 32a. As an example only and not by way of limitation, 
assuming that each input signal 22 includes forty occupied channels (which may often 

10 not be the case), tunable filter 52a may be configured to forward the first group of ten 
channels of input signal 22a ("X\-X\o") 9 tunable filter 52b may be configured to 
forward the second group of ten channels of input signal 22b ("Xn-Aao")* tunable filter 
52c may be configured to forward the third group of ten channels of input signal 22c 
("^2i-^3o")> and tunable filter 52d may be configured to forward the last group of ten 

15 channels of input signal 22d ("X31- ^o"). Obviously, any other suitable combination 
of channels may be selected from each input signal 22, and output signal 32a does not 
need to have every available channel occupied with traffic. In an "extreme" case, any 
of filters 52a-52d may be configured to forward all of the signals (X\- A40). 

Continuing with the example above, filter 52a forwards X\-X\o of signal 22a to 

20 coupler 70a of combining amplifier 60a, and filter 52b also forwards of signal 

22b to coupler 70a. Coupler 70a combines those two signals. Furthermore, filter 52c 
forwards of signal 22c to coupler 70b, and filter 52d also forwards X 3 \- X40 of 

signal 22d to coupler 70b. Coupler 70b combines those two signals. The combined 
signals are then forwarded from couplers 70a and 70b to coupler 70c, which combines 

25 the two received signals into an output signal 32a. As described above, any suitable 
number of couplers 70 may be used to combine the selected channels from each input 
signal 22. Furthermore, amplifiers may be used to amplify any of the signals 
forwarded through combining amplifier 60a to compensate for coupler and filter 
losses and to provide power level control. 

30 FIGURE 3 is a flowchart illustrating an example method for cross-connecting 

optical signals. The method begins at step 100 where multiple input optical signals 
are received at an OXC or similar device. At step 102, multiple copies are made of 
each input optical signal. As described above, couplers may be used to make these 
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copies. At step 104, a copy of one or more of the input signals are forwarded to a 
number of filter units associated with one or more output ports. In an example 
embodiment, a copy of each input signal is forwarded to each filter unit so that any 
portion of any input signal may be output from any output port. However, it is not 
5 necessary that this be performed. At step 106, each filter unit forwards the traffic in 
selected channels of one or more of the input signals (of which a copy of which was 
received by the filter unit). The traffic in the other, non-selected channels may be 
terminated. At step 108, the traffic in each of the input signal channels forwarded by 
a particular filter unit is combined, and the combined traffic is communicated as an 

10 output signal from an output port associated with each filter unit at step 110. In this 
manner, traffic in a particular channel of an input signal may be forwarded to a 
desired output port to be communicated as part of the associated output signal. 

FIGURE 4 is a block diagram illustrating an OXC 210 having a regeneration 
loop in accordance with one embodiment of the present invention. As an example 

15 only, OXC 210 includes three input ports 220a-220c that are operable to receive three 
different input signals 222a-222c. Although three input ports 220 and input signals 
222 are illustrated, any suitable number of ports 220 and signals 222 may be 
implemented and/or used. In certain embodiments, each input signal 222 may 
compromise a signal received over an optical fiber that is coupled to the 

20 corresponding input port 220. Each input signal 222 may comprise a number of 
channels that are each able to carry separate traffic. As with OXC 10, the traffic in 
each channel of a particular input signal 222 may be forwarded or "switched" by OXC 
210 to any of a number of output ports 230a-230c and be communicated as a part of 
an associated output signal 232a-232c. 

25 As with OXC 10, OXC 210 includes a distributing amplifier 240a-240c 

associated with each input port 220. Each distributing amplifier 240 receives a signal 
from its associated input port 220 and makes multiple copies of the input signal 222 to 
be forwarded to one or more filter units 250. OXC 210 also includes a distributing 
amplifier 240d associated with a regeneration module 280, which is described in 

30 further detail below. Each distributing amplifier 240 may include one or more 
amplifiers positioned in the fiber span between any two couplers 270 and/or between 
a coupler 270 and a filter unit 250 to amplify the copies of an input signal 222 made 
by the distributing amplifier 240. Any suitable amplifiers may be used for this 
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purpose. Distributing amplifiers 240 may be constructed and may operate in an 
identical or substantially similar fashion as distributing amplifiers 40 of OXC 10. 

As with OXC 10, the copies of the associated input signal 222 that are 
generated at each distributing amplifier 240 are forwarded from the distributing 
5 amplifier 240 to one or more filter units 250. As with filter units 50 of OXC 10, each 
filter unit 250 may include a separate filter associated with each incoming signal. In 
such a case, each filter is configured to forward one or more channels of the 
associated input signal and to terminate the remaining channels. Filter units 250 may 
be constructed and may operate in an identical or substantially similar fashion as filter 

10 units 50 of OXC 10. 

The selected channels of the various input signals 222 that are output by filter 
units 250a-250c are forwarded to an associated combining amplifier 260. As with 
combining amplifiers 60 of OXC 10, combining amplifiers 260 combine multiple 
signals received from the associated filter unit 250 into a single signal. This signal is 

15 then forwarded to the associated output port 230. Combining amplifiers 260 may be 
constructed and may operate in an identical or substantially similar fashion as 
combining amplifiers 60 of OXC 10. 

As mentioned above, in addition to components similar to those described in 
relation to OXC 10, OXC 210 also includes a regeneration module 280. Regeneration 

20 module 280 is operable to receive selected channels output by filter unit 250d and to 
regenerate and convert the wavelength of the channels received at regeneration 
module 280. Regeneration module 280 includes one or more distributing amplifiers 
282 (which may be identical or similar to distributing amplifiers 240) that make 
multiple copies of each input signal received from filter unit 25 Od, and one or more 

25 filter units 284 (which may be identical or similar to filter units 250) that forward one 
or more channels of the associated input signal. In particular embodiments, 
distributing amplifiers 282 and filter units 284 may be replaced by a demultiplexer. 

Regeneration module 280 also includes one or more transponders 286 (or any 
other suitable signal regenerators) that regenerate the signals received from an 

30 associated filter unit 284. Transponders 286 may perform any suitable type of 
regeneration, including 2R (amplification and re-shaping) and 3R (amplification, re- 
shaping, and re-timing) regeneration. In addition, transponders 286 may convert the 
wavelength of one or more of the received signals. Regeneration module 280 further 
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includes one or more combining amplifiers 288 that receive the signals forwarded 
from transponders 286 and combine the signals into a single signal that is forwarded 
to distributing amplifier 240d. 

In operation, as with OXC 10, OXC 210 receives multiple input signals 222 
5 that each contain multiple channels of traffic. A copy of each of these signals 222 
may be forwarded by distributing amplifiers 240a-240c to one or more filter units 
250a-250c that are each associated with a different output port 230. Each filter unit 
250a-250c then selects (through filtering) one or more (or no) channels from each 
received input signal 222 to forward to its associated output port 230. The selected 

1 0 channels of each of the input signals 222 are then forwarded from each of filter units 
250a-250c, are combined using the associated combining amplifier 260, and are 
forwarded from an associated output port 230 as an output signal 232. 

In addition to the cross-connect operation described above, OXC 210 may also 
regenerate and/or wavelength convert the traffic in one or more channels of one or 

15 more of input signals 222. This regeneration feature is implemented though the use of 
distributing amplifier 240d, filter unit 250d, and regeneration module 280. As 
illustrated in FIGURE 4, distributing amplifiers 240a-240c may each forward a copy 
of the associated input signal to filter unit 250d. Filter unit 250d may be configured 
to forward selected channels from one or more of the input signals 222 to regeneration 

20 module 280 for regeneration and/or wavelength conversion. The selected channels 
from each input signal 222 are received at regeneration module 280. The channels in 
each signal received at regeneration module 280 may be separated using distributing 
amplifiers 282 and filter units 284 or using a demultiplexer. 

The traffic in the separated channels is then forwarded to the one or more 

25 transponders 286. As described above, transponders 286 regenerate and possibly 
convert the wavelength of the received traffic. For example, the traffic in some of the 
channels may regenerated and the traffic in other channels may be regenerated and 
wavelength converted. The regenerated traffic is forwarded from transponders 286 to 
one or more combining amplifiers 288 which combine the regenerated traffic into a 

30 single signal. This signal is then forwarded to distributing amplifier 240d. In the 
illustrated embodiment, distributing amplifier 240d generates copies of the received 
signal and forwards a copy to each of filter units 250a-250c. Filter units 250a-250c 
may each be configured to forward the traffic selected channels from the regenerated 
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signal to their associated combining amplifiers 260a for incorporation into the 
associated output signal 232. 

As an example, traffic in a first channel of input signal 222a may be received 
at input port 220 of OXC 210 and copies of input signal 222a may be forwarded to 
5 each of filter units 250a-250d. Assuming that the traffic needs to be regenerated 
and/or wavelength converted before forwarding to one or more of output ports 232, 
the traffic in that channel is terminated by the filter of filter units 250a-250c that 
received a copy of input signal 222a. However, the traffic is forwarded by filter unit 
250d (although it should be noted that the traffic may be forwarded to one or more 

10 output ports 232 without being regenerated or wavelength converted and be 
forwarded to one or more different output ports 232 after being regenerated and/or 
wavelength converted). The traffic in the first channel of input signal 222a is then 
forwarded from filter unit 25 Od to regeneration module 280, where it is regenerated 
and possibly converted to another channel/wavelength. The regenerated traffic is then 

15 combined with other regenerated traffic and forwarded to distributing amplifier 240d, 
which forwards a copy of the regenerated traffic to each filter unit 250. Since a 
different filter of filter units 250 receive the signal from distributing amplifier 240a 
than the filter that received input signal 222a, the regenerated traffic from the first 
channel of input signal 222a may be forwarded by that filter to the associated 

20 combining amplifier 260 for communication from the associated output port 230. 
Alternatively, the wavelength/channel in which the traffic is communicated may have 
been changed by regeneration module 280, and the receiving filter of one or more of 
filter units 250a-250c may be configured to forward the regenerated and wavelength 
converted traffic to the associated combining amplifier 260 for communication from 

25 the associated output port 230. 

In this manner, any channel of any input signal 222 may be output from any 
output port 230 of OXC 210. Furthermore, the traffic in one or more of these 
channels may regenerated and/or wavelength converted before it is output. It should 
be understood that although three input ports 220 (and associated signals 222) and 

30 three output ports 230 (and associated signals 232) are illustrated, any appropriate 
number of input ports and output ports may be implemented. Furthermore, the 
number of input ports 220 need not equal the number of output ports 230 and the 



DAL0 1:753475.2 



ATTORNEY DOCKET NO. PATENT APPLICATION 

064731.0348 (P-280US-1) 

14 

OXC 210 may not necessarily be configured to forward selected channels from every 
input port 220 to every output port 230. 

FIGURE 5 is a block diagram illustrating an OXC 310 having a regeneration 
loopback unit 390 in accordance with another embodiment of the present invention. 
5 OXC 310 includes n input ports 320a-320n and n associated input signals 322a-322n. 
OXC 310 may be configured such that the traffic in a particular channel of an input 
signal 322 may either be passed directly to one or more output ports 330 (via 
regeneration units 380) or may first be forwarded through regeneration loopback unit 
390 before being output from one or more of output ports 330. 

10 Unlike OXC 210, OXC 310 includes components for implementing two 

different types of regeneration. The first such components are regeneration modules 
380. These regeneration modules 380 may perform regeneration (for example, 2R or 
3R regeneration) on all traffic that is to be output from OXC 310. As is illustrated 
there may be n regeneration modules 380 included in OXC 310 - one module 380 for 

15 each output port 330. The other regenerating components of OXC 310 are 
regeneration modules 382. Regeneration modules 382 perform wavelength 
conversion, in addition to regeneration, on selected traffic that is forwarded to 
regeneration loopback unit 390 of OXC 310. Since not all traffic is forwarded to a 
regeneration module 382, OXC 310 may include / modules 382, where / is less than n. 

20 Regeneration modules 380 and 382 may each include a demultiplexer 384 (or 

they may use distributing amplifiers and filter units, as illustrated in FIGURE 4) that 
separates a received signal into its constituent channels, a series of transponders 386 
that regenerate and/or wavelength convert the traffic in the constituent channels of the 
received signal, and a combining amplifier 388 that combines the regenerated traffic. 

25 In particular embodiments, the type of regeneration performed by transponders 386a 
of modules 380 and transponders 386b of modules 382 may differ. For example, 
transponders 386a may perform 2R regeneration and transponders 386b may perform 
3R regeneration, or vice versa. In addition, as mentioned above, transponders 386b 
may perform wavelength conversion, while transponders 386a may not. Furthermore, 

30 in particular embodiments, regeneration modules 380 may not included. 

OXC 310 includes a series of distributing amplifiers 340 and 342, filter units 
350 and 352, and combining amplifiers 360 and 362 to receive and forward selected 
traffic to particular regeneration modules 380 and 382. More specifically, OXC 310 
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includes a number of distributing amplifiers 340 that each receive a different input 
signal 322 and generate multiple copies of that signal. Although shown in FIGURE 5 
in block format for ease of illustration, distributing amplifiers 340 may be constructed 
and operate identically or similarly to the distributing amplifiers described above. 
5 The multiple copies of each input signal 322 are forwarded from the 

associated distributing amplifier 340 to an associated filter unit 350. Filter units 350 
may be constructed and operate identically or similarly to the filter units described 
above so as to forward traffic in selected channels from one or more of the received 
copies. Unlike the filter units described above, filter units 350 each receive multiple 

10 copies of one input signal 322 instead of each receiving one copy of multiple input 
signals 322. However, this is simply a matter of implementation and either 
configuration may be used in conjunction with any suitable embodiments of the 
present invention. Each filter unit 350 of the illustrated embodiment may forward 
traffic in selected channels of the received copies to any suitable combination of 

15 combining amplifiers 360 and/or 362. 

Certain traffic forwarded by one or more filter units 350 may be 
communicated to one or more combining amplifiers 360. Combining amplifiers 360 
may be constructed and operate identically or similarly to the combining amplifiers 
described above so as to combine multiple received signals into a single signal. As is 

20 illustrated in FIGURE 5, combining amplifiers 360 may receive signals from both 
filter units 350 and filter units 352 of regeneration loopback unit 390, as described 
below. The combined signal from each combining amplifier 360 is communicated to 
an associated regeneration module 380, which regenerates the traffic in the constituent 
channels of the received signal as described above. The combining amplifier 388 of 

25 each regeneration module 380 combines the regenerated traffic and forwards the 
combined traffic to the associated output port 330 for communication as an output 
signal 332. 

Other traffic forwarded by one or more filter units 350 may be communicated 
to one or more combining amplifiers 362 included in regeneration loopback unit 390. 
30 Combining amplifiers 362 may be constructed and operate identically or similarly to 
the combining amplifiers described above so as to combine multiple received signals 
into a single signal. The traffic received at each combining amplifier 362 (traffic in 
selected channels from one or more filter units 350) is combined into a single signal 
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and forwarded to an associated regeneration module 382. The regeneration module 
382 operates as described above to regenerate and potentially wavelength convert the 
traffic in the constituent channels of the received signal. The combining amplifier 388 
of each regeneration module 382 combines the regenerated traffic and forwards the 
5 combined traffic to an associated distributing amplifier 342. 

Distributing amplifiers 342 may be constructed and operate identically or 
similarly to the distributing amplifiers described above. Each distributing amplifier 
342 generates multiple copies of the received signal from the associated regeneration 
module 382 and forwards the copies to an associated filter unit 352. Filter units 352 

10 may be constructed and operate identically or similarly to the filter units described 
above so as to forward traffic in selected channels from one or more of the received 
copies to particular combining amplifiers 360, depending on the output port 330 to 
which the traffic in a particular channel is to be communicated. As described above, 
combining amplifiers 360 combine the traffic received from one or more filter units 

15 352 with other traffic received from filter units 350 and forward the combined traffic 
to the associated output port 330. 

In this manner, OXC 310 has capabilities similar to the OXCs described above 
to allow any channel of any input signal 322 to be forwarded to any output port 330 of 
OXC 310 (although OXC 310 may be configured such that some or all of input 

20 signals 322 may be forwarding to less than all of output ports 330). Furthermore, 
OXC 310 adds the additional capability of forwarded selected channels from selected 
input signals 322 to regeneration loopback unit 390. Since only selected channels of 
selected input signals 322 may require the regeneration and/or wavelength conversion 
provided by regeneration loopback unit 390, the ability to forward only selected 

25 signals to regeneration loopback unit 390 allows that unit to have less regeneration 
modules 382 than would be required if all channels of input signals 322 needed 
regeneration (as may be the case with regeneration modules 380). Therefore, OXC 
310 provides a cost savings over prior optical cross-connects. 

FIGURE 6 is a block diagram illustrating an OXC 410 having a common filter 

30 unit 450 and switches 440 and 460 in accordance with another embodiment of the 
present invention. OXC 410 includes a regeneration loopback unit 490 similar in 
operation to regeneration loopback unit 390 of OXC 310. The primary difference 
between OXC 310 and OXC 410 is that OXC 410 replaces distributing amplifiers 340 
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with a single multicasting switch 440, replaces filter units 350 with a single filter unit 
450, and replaces combining amplifiers 360 with a single combining switch 460. 
Therefore, instead of each input port and regeneration loop having a separate 
distributing amplifier, filter unit, and combining amplifier the, input ports and the 
5 regeneration loops share a common multicasting switch 440, filter unit 450, and 
combining switch 460. 

More specifically, OXC 410 includes n input ports 420a-420n and n associated 
input signals 422a-422n. OXC 410 may be configured such that the traffic in a 
particular channel of an input signal 422 may either passed directly to one or more 
10 output ports 430 (via regeneration units 480) or may first be forwarded through 
regeneration loopback unit 490 before being output from one or more of output ports 
430. 

As with OXC 310, OXC 410 includes components for implementing two 
different types of regeneration. The first such components are regeneration modules 

15 480. These regeneration modules 480 may perform regeneration (for example, 2R or 
3R regeneration) on all traffic that is to be output from OXC 410. As is illustrated 
there may be n regeneration modules 480 included in OXC 410 - one module 480 for 
each output port 430. The other regenerating components of OXC 410 are 
regeneration modules 482. Regeneration modules 482 perform wavelength 

20 conversion, in addition to regeneration, on selected traffic that is forwarded to 
regeneration loopback unit 490 of OXC 410. Since not all traffic is forwarded to a 
regeneration module 482, OXC 410 may include / modules 482, where / is less than n. 
Regeneration modules 480 and 482 may each include a demultiplexer 384 (or they 
may use distributing amplifiers and filter units), a series of transponders 386, and a 

25 combining amplifier 388. Regeneration modules 480 and 482 may be constructed and 
operate identically or similarly to transponders 380 and 382, respectively. In 
particular embodiments, regeneration modules 480 may not included. 

As mentioned above, OXC 410 includes a multicasting switch 440, a filter unit 
450, and a combining switch 460 that operate together to receive and forward selected 

30 traffic to particular regeneration modules 480 and 482. Multicasting switch 440 is 
operable to receive multiple inputs and to switch each those input to one or more 
outputs. As implemented in OXC 410, the inputs to switch 440 include both input 
signals 422 and the signal received from each transponder 482. The outputs from 
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switch 440 are the signals sent to filter unit 450. In addition to performing this switch 
function, switch 440 is also operable to multicast a single input to multiple outputs, as 
illustrated in FIGURE 6. In particular embodiments, switch 440 is a planar lightwave 
circuit (PLC) switch having multicasting capability (for example, a Photon.PCStf® 
5 switch manufactured by Lynx Photonics Networks®)', however, any suitable switch 
may be used. 

As described above, the signals output from multicasting switch 440 are each 
forwarded to filter unit 450. Unlike the OXCs described above, OXC 410 includes a 
single filter unit 450 which includes a bank of filters 452. Filters 452 may be 

10 constructed and operate similarly to the filters of the filter units described above. 
Since the example OXCs described above generate an equal number of copies of each 
input signal (or at least have the ability to do so), those embodiments included a filter 
for each copy of each input signal. However, if creating this many copies may not be 
necessary for certain applications, a shared filter unit 450 may be used. Filter unit 

15 450 provides a cost savings since only the needed number of filters 452 need to be 
installed and provides flexibility since filters 452 can be added and removed as 
needed. Although a particular number of filters 452 are illustrated, any suitable 
number of filters 452 may be used. 

OXC 410 further includes a combining switch 460 that receives the traffic 

20 output from filter unit 450 and switches each of the inputs a combination of the 
inputs) to a particular output. Each output may be forwarded to a regeneration 
module 480 or 482. Switch 460 may be constructed and operate similarly to switch 
440, except that it combines inputs instead of multicasting inputs. The same type of 
device may be used for both switches 440 and 460. 

25 In operation, input signals 422 are received at input ports 420. Each input 

signal is forwarded to multicasting switch 440, where it is switched to one or more 
outputs of switch 440. The signal from each output of switch 440 is forwarded to an 
associated filter 452, which forwards selected channels from the received input signal 
422. The selected channels are forwarded from each filter 452 to an associated input 

30 of combining switch 460. Combining switch 460 forwards the selected traffic 
received at each input to either a regeneration module 480 or 482. As described 
above, the traffic received at multiple inputs of switch 460 may be combined and 
forwarded to a single output of switch 460. The traffic forwarded to regeneration 
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modules 480 is regenerated and then output from the associated output port 430. The 
traffic forwarded to regeneration modules 482 may be regenerated and wavelength 
converted, as described above, and then be forwarded back to multicasting switch 
440. This traffic may then be forwarded via switch 440, filter unit 450, and switch 
460 to a particular regeneration module 480 to be regenerated and output from a 
desired output port 430. 

In this manner, OXC 410 has capabilities similar to the OXCs described above 
to allow any channel of any input signal 422 to be forwarded to any output port 430 of 
OXC 410 (although OXC 410 may be configured such that some or all of input 
signals 422 may be forwarded to less than all of output ports 430). Furthermore, as 
with OXC 310, OXC 410 also may forward selected channels from selected input 
signals 422 to regeneration loopback unit 490. Since only selected channels of 
selected input signals 422 may require the regeneration and/or wavelength conversion 
provided by regeneration loopback unit 490, the ability to forward only selected 
signals to regeneration loopback unit 490 allows that unit to have less regeneration 
modules 482 than would be required if all channels of input signals 422 needed 
regeneration (as may be the case with regeneration modules 480). Therefore, OXC 
410 provides a cost savings over prior optical cross-connects. 

FIGURE 7 illustrates an OXC 510 in accordance with yet another embodiment 
of the present invention. OXC 510 includes many similar components as OXC 310, 
except that it does not include a regeneration loopback unit. Instead, every signal 
forwarded to an output 530 of OXC 510 goes through a single regeneration (and 
possibly wavelength conversion). 

OXC 510 includes a number of distributing amplifiers 540 that each receive a 
different input signal 522 and generate multiple copies of that signal. Although 
shown in FIGURE 7 in block format for ease of illustration, distributing amplifiers 
540 may be constructed and operate identically or similarly to the distributing 
amplifiers described above. The multiple copies of each input signal 522 are 
forwarded from the associated distributing amplifier 540 to an associated filter unit 
550. Filter units 550 may be constructed and operate identically or similarly to the 
filter units described above so as to forward traffic in selected channels from one or 
more of the received copies. Each filter unit 550 of the illustrated embodiment may 
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forward traffic in selected channels of the received copies to one or more combining 
amplifiers 560. 

Combining amplifiers 560 may be constructed and operate identically or 
similarly to the combining amplifiers described above so as to combine multiple 
5 received signals into a single signal. The combined signal from each combining 
amplifier 360 is communicated to an associated regeneration module 580, which 
regenerates the traffic in the constituent channels of the received signal. Regeneration 
modules 580 may each include a demultiplexer (or they may use distributing 
amplifiers and filter units, as illustrated in FIGURE 4) that separates a received signal 

10 into its constituent channels, a series of transponders that regenerate and/or 
wavelength convert the traffic in the constituent channels of the received signal, and a 
combining amplifier that combines the regenerated traffic. The transponders may 
perform any suitable type of regeneration (such as 2R or 3R). In addition, as 
mentioned above, the transponders may perform wavelength conversion on some or 

15 all of the received traffic. The combining amplifier of each regeneration module 580 
combines the regenerated traffic and forwards the combined traffic to the associated 
output port 530 for communication as an output signal 532. Although, regeneration 
units 580 are illustrated as being positioned between combining amplifiers 580 and 
output ports 530, in other embodiments transponders 580 may instead be positioned 

20 between input ports 520 and distributing amplifiers 540 and thus may regenerate 
and/or wavelength convert the traffic in the constituent channels of each input signal 
522 before the input signal is received by distributing amplifiers 540. 

In this manner, OXC 510 has the ability to allow any channel of any input 
signal 522 to be forwarded to any output port 530 (although OXC 510 may be 

25 configured such some or all of input signals 522 may be forwarded to less than all of 
output ports 530). Furthermore, OXC 510 regenerates and possibly wavelength 
coverts the selected traffic forwarded by each combining amplifier 560 (or 
regenerates the input signals before they are distributed). 

In particular embodiments of the OXCs described above, the various 

30 components of the OXC may each be implemented as a discrete card and may be 
interconnected through a backplane of a card shelf. Alternatively, the functionality of 
one or more of these components may be distributed across a plurality of discrete 
cards. In this way, the OXCs are modular, upgradeable, and provide a "pay-as-you- 
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grow" architecture. The components of the OXCs may be coupled by direct, indirect, 
or other suitable connection or association. The elements and devices in the elements 
may be connected using optical fiber connections, planar wave guide circuits, free 
space optics, and/or using any other suitable technique. Furthermore, components and 
5 features of any of the OXCs described above may be combined in any suitable 
manner to provide selected benefits in appropriate circumstances. 

Although the present invention has been described with several embodiments, 
various changes and modifications may be suggested to one skilled in the art. It is 
intended that the present invention encompass such changes and modifications as fall 
10 within the scope of the appended claims. 
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